Antibiotic resistance in Staphylococcus aureus is a major public health concern, and methicillinresistant S. aureus has emerged as an important pathogen. We characterized S. aureus isolates from monomicrobial and polymicrobial wound infections from 200 diabetic individuals with foot ulcers to understand their underlying diversity and pathogenicity. Staphylococcal cassette chromosome mec typing was performed, and genes coding for production of biofilm, Panton-Valentine leukocidin, toxic shock syndrome toxin and leukotoxins DE and M were screened. Biofilm production was also quantified by the tissue culture plate method. Strains were genotyped using multilocus sequence typing, multiple-locus variable number tandem repeat analysis and repetitive sequence PCR methods. Polymicrobial infections were present in 115 samples, 61 samples showed monomicrobial infection and 24 samples were culture negative. Polymicrobial infections were significantly higher in patients with previous amputation history. Of the 86 samples infected with S. aureus, virulence genes were found in 81 isolates, and 41 isolates possessed more than one virulence gene. Strains which contained pvl gene alone or luk-DE alone were significantly higher in polymicrobial wounds. Based on biofilm production, 18.6 % of isolates were classified as high, 24.4 % as moderate and 57 % as low biofilm producers. Genotyping of 30 strains revealed 10 different sequence types with a strong association among sequence types, specific virulence markers and antibiotic resistance profiles. Moreover, isolates from monomicrobial and polymicrobial wounds differed significantly in their virulence potential and the sequence types to which they belonged, and these are helpful in mapping the evolution of the identified strains of S. aureus.
INTRODUCTION
Foot ulcers are one of the major complications associated with diabetes, and contribute to high morbidity and mortality in individuals with diabetes. The chronic wounds of diabetic foot ulcer (DFU) with microbial biofilms harbour diverse polymicrobial communities (Bowler & Davies, 1999; James et al., 2008) . In these polymicrobial communities, mutualist or antagonistic partnerships facilitate microbial adherence, resource utilization as well as quorum-sensing-mediated cross-talking which is associated with altered virulence phenotypes and host immunomodulation (Bertesteanu et al., 2014) . Staphylococcus aureus is one of the major colonizers of DFU (Murali et al., 2014; Zubair et al., 2011) . It is well documented that biofilm-forming S. aureus specifically inhibit wound healing and exacerbate wound infection (Bowling et al., 2009) . Antibiotic-resistant isolates of S. aureus are a major public health concern, and methicillin-resistant S. aureus (MRSA) in particular is considered a major pathogen in healthcare settings (Feil et al., 2003) . S. aureus contributes to the severity of infections by expressing various poreforming toxins such as Panton-Valentine leukocidin (PVL), leukotoxins (luk-DE and luk-M), superantigens such as toxic shock syndrome toxin-1 (TSST-1), staphylococcal enterotoxins and biofilm-encoding genes (ica-A, B, C and D) . These virulence factors demonstrate considerable proteolytic activity and induce toxic/lytic effects on host cells which hinder the efficacy of antibacterial therapy, thereby facilitating local invasion and dissemination (Dinges et al., 2000) .
The rapid and extensive spread of community-associated MRSA isolates worldwide is of primary concern, since these are considered more virulent than hospital-acquired MRSA. The presence of a mecA cassette element that confers resistance to b-lactam antibiotics, and a pvl gene that causes leukocyte destruction and tissue necrosis, have a strong association with the widespread occurrence of communityassociated MRSA strains worldwide (Chambers & Deleo, 2009 ). Molecular typing tools including PFGE (McDougal et al., 2003) , multilocus sequence typing (MLST) (Enright et al., 2000) , spa typing (Schouls et al., 2009 ) and multiplelocus variable number tandem repeat (VNTR) analysis (MLVA) (Sobral et al., 2012) have been utilized to study the genetic diversity among S. aureus isolates. These techniques clearly reveal a highly clonal population structure of S. aureus and a strong association of certain staphylococcal virulence genes with specific clonal lineages.
Although microbiological profiling for polymicrobial biofilm communities of diabetic foot infections has established the nature of wound infections, several questions -including their specific role in pathogenesis and wound -exacerbation remain unanswered. This study was aimed at deciphering the role of S. aureus isolates from polymicrobial wound environment in wound exacerbation, and to this end we have characterized S. aureus isolates for the presence of specific virulence genes and genetic relatedness using multiple approaches, including MLST, MLVA and repetitive-sequence-based PCR (rep-PCR).
METHODS
Study participants. Between August 2011 and July 2012, we prospectively enrolled DFU patients admitted to Kasturba Hospital, Manipal, India. Subjects included did not receive any antibiotic treatment 1 week prior to sampling. Prior informed consent was obtained from all subjects as approved by the Institutional Ethical Committee, Manipal University. The presence and severity of infection were assessed following the IDSA-IWGDF system (Lipsky et al., 2012) .
Data collection. Data collected for each patient included demographic data, duration of diabetes, glycaemic control, history of illness or previous amputation history and presence of retinopathy, nephropathy, neuropathy and peripheral vascular disease. The size of the ulcer (cm 2 ) and glycaemic control during the hospital stay were recorded for each patient. Signs of infection, including swelling or exudate formation or tissues necrosis, were clinically assessed.
Microbiological study. Pus swabs, exudates and debrided tissue samples were collected from the DFU region. The swabs were processed for culturing of aerobic bacteria, while Gram staining was carried out for tissue samples. Standard biochemical and microbiological techniques were carried out to isolate and characterize bacterial strains from all samples obtained (Forbes et al., 2007) . The swabs were cultured on blood agar and MacConkey agar (HiMedia) and incubated at 37 C for 24 to 48 h. Tissues were gently homogenized prior to inoculation. Each wound was classified as either monomicrobial (infected with single bacterial species) or polymicrobial (infected with more than one bacterial species). S. aureus isolates were identified using standard morphological and biochemical procedures (Baird, 1996) such as the coagulase plasma test (HiMedia) and BBL Crystal Gram-Positive ID kit (Becton Dickinson Diagnostic Systems). Methicillin susceptibility was screened on MuellerHinton agar using cefoxitin discs (30 µg; HiMedia) following the agar diffusion method (CLSI, 2011) . Briefly, S. aureus colony suspension equivalent to 0.5 McFarland turbidity was inoculated onto Mueller-Hinton agar and incubated at 35±2
C for 16 to 18 h. An inhibition zone diameter of !22 mm was considered as methicillin susceptible.
Antimicrobial susceptibility testing. Antimicrobial susceptibility was performed using Etest strips to determine the MIC (CLSI, 2011). The following antibiotics (HiMedia) were used for MIC determination (µg ml Resistance and virulence profile of S. aureus. Strains were cultured at 37 C overnight in yeast tryptone broth, and chromosomal DNA was isolated using the standard phenol-chloroform extraction method. Samples were diluted to 10 ng µl À1 concentration and used as template DNA for all PCR amplification reactions. Multiplex PCR assay was performed to characterize staphylococcal cassette chromosome (SCC) mec elements with primers for mecA (Perreten et al., 2005) and SCCmec elements, including SCCmec types I, II, III, IV and V (Zhang et al., 2005) . As an internal control, primers that amplify the 16S rDNA region (27F and 1492R) (Dojka et al., 2000) and tuf elongation factor (Delgado et al., 2009) were included. SCCmec types that could not be categorized under any of these types were classified as untypeable. Multiplex PCR was carried out for characterization of pathogenicity markers, as well for species identification using primers for the tuf elongation factor as an internal control and segments coding for PVL toxin components S and F, TSST-1, leukotoxins (LukE-LukD and LukM) and ica-AB (Jarraud et al., 2002; Martín-López et al., 2002; McClure et al., 2006) . Biofilm production was analysed by the tissue culture plate method as described previously, and the strains were classified as high [optical density (OD) above 0.40], moderate (OD between 0.20 and 0.40) or low (OD below 0.20) biofilm-forming organisms (Murali et al., 2014) .
Clonal diversity among S. aureus sequence types. MLST was performed by amplifying the intragenic regions of seven housekeeping genes (Enright et al., 2000) , and the PCR amplicons were sequenced using both forward and reverse primers in ABI3130 DNA sequencer (Applied Biosystems). DNA sequences were compared to reference allele sequences from an online database (http://saureus.mlst.net), which provided the allelic profiles and sequence types (STs) for each isolate. Using the eBURST algorithm (eburst.mlst.net), the STs were classified as clonal complexes (CCs) or singletons (Feil et al., 2004) . The strains were also genotyped following MLVA and rep-PCR analysis. Eight VNTR loci were used for MLVA (Schouls et al., 2009 ) with ATCC 29213 strain as a reference. The amplified products were run on a 2.5 % agarose gel, and the fragment sizes were estimated. rep-PCR was carried out using primers REP-1R (5¢-IIIICGICGICATCIGGC-3¢) and REP-2I (5¢-ICGICTTA TCIGGCCTAC-3¢) (Dombek et al., 2000 
RESULTS
Clinical data and microbiological profile of study subjects
The demographic and clinical characteristics of 200 subjects included in the study are shown in Table 1 . The foot ulcers from 16 subjects were classified as grade 1, 64 as grade 2, 109 as grade 3 and 11 as grade 4 as per the IDSA-IWGDF scale. Of the 200 subjects studied, foot ulcer samples from 176 subjects were found to be culture positive. Polymicrobial infection was observed in 115 (57.5 %) samples (6 samples with 5 species, 9 samples with 4 species, 30 samples with 3 species and 70 samples with 2 species). In 61 (30.5 %) samples infection was monomicrobial, and 24 (12 %) samples were culture negative (Table 1) .
Demographic data of subjects infected with S. aureus
Laboratory culture analysis identified S. aureus from 86 patients with infected wounds and, of these, 54 and 32 samples were polymicrobial and monomicrobial, respectively (Table 2) . Pseudomonas aeruginosa, coagulase-negative staphylococci, Acinetobacter spp., Enterobacter spp., Citrobacter spp., Proteus spp., Klebsiella spp., Escherichia coli and enterococci were found to co-exist with S. aureus in polymicrobial samples. Samples from 52 patients were from the first episode of ulceration, while 15 patients had previous amputation history. Thirteen patients showed worsening of the wound and had to undergo amputation, of which six ulcers were infected solely with S. aureus and seven were polymicrobial in nature. There was no significant association of wound type with wound progression. Among the subjects with culture-positive wounds, the majority had undergone conservative therapy (n=31, 36 %) and debridement (n=28, 32.6 %), while 14 patients (16.3 %) were recommended for skin grafting. Regardless of infection solely with S. aureus or S. aureus along with other co-existing species, no significant difference in the demographic characteristics of individuals was observed. However, patients with previous amputation history showed a significantly higher frequency of polymicrobial infections (P=0.042) ( Table 2 ).
Resistance and virulence profiles
Most of the isolated S. aureus strains showed resistance to ampicillin (98 %), erythromycin (94 %), amoxyclav (92 %), ciprofloxacin (86 %), amikacin (63 %), cefoxitin (61 %) and gentamicin (48 %) and were sensitive to chloramphenicol (17 %). All the isolates were sensitive to linezolid and vancomycin. The frequency of multidrug-resistant (MDR) (resistant to more than three antibiotics) S. aureus was higher than non-MDR isolates. However, there was no significant difference in methicillin resistance or virulence gene carriage among MDR or non-MDR isolates (data not shown). Of the 86 S. aureus isolates, 34 (39.5 %) were methicillin susceptible, 7 (8.1 %) were SCCmec type II, 9 (10.5 %) were SCCmec type III, 12 (14 %) were SCCmec type IV and 19 (22.1 %) were SCCmec type V. Five strains did not belong to any of the SCCmec types studied (I-V) and were classified as untypeable. In the present study, 81 isolates carried at least one of the virulence genes and, of these, 41 possessed more than one virulence gene. However, none of the isolates of monomicrobial or polymicrobial wound types carried the luk-M gene. These 81 isolates showed 12 different combinations or profiles of virulence genes, and only three profiles were found to be significantly associated with wound type (Table 3) . Gene coding for PVL was found in 49 isolates (57 %), of which 25 carried at least one of the virulence markers studied. Strains possessing the pvl gene alone were significantly more common in polymicrobial wounds (P=0.024). Genes encoding for LUK-DE were found in 35 isolates (40.7 %), of which luk-DE alone was found in 15 (17.4 %) isolates and was significantly more common in polymicrobial wounds (P=0.042). Among all isolates, the ica-AB gene was found in 37 isolates (43 %) and was significantly more common in isolates of monomicrobial wounds (P<0.0001).
Among the 86 isolates, 16 (18.6 %) were classified as high biofilm producers, 21 (24.4 %) as moderate biofilm producers and 49 (57 %) as low biofilm producers (Table 3) . The low biofilm-producing strains were significantly more common in ulcers of grade 2 (P=0.005) and grade 3 (P=0.029) (Table 4) , while moderate biofilm producers were significantly more common in grade 3 ulcers (P=0.04). We found that bacterial strains from grade 2 and 3 ulcers harboured greater numbers of high biofilm producers. As expected, none of the strains from grade 1 ulcers were high biofilm producers or tsst-1 positive. Strains carrying the PVL gene were found in wound samples from 85 % of patients who had undergone amputation (data not shown).
Clonal distribution of S. aureus STs
Thirty isolates of S. aureus were randomly selected (15 isolates each from monomicrobial and polymicrobial wounds) and genotyped using several approaches including MLST, MLVA and rep-PCR. These results showed that the 30 S. aureus strains could be grouped into 10 STs (Table 5) . Seven strains were placed in ST772 and six strains in ST1; five isolates were found to belong to ST22 and four to ST672. ST5 and ST8 were represented by two isolates each, while ST239, ST291, ST2066 and ST2124 were each represented by a single isolate (Table 5) . SMW, subjects with monomicrobial wound; SPW, subjects with polymicrobial wound; HbA1c, haemoglobin A1c.
Virulence determinants in S. aureus genotypes
We observed a strong association between STs of individual isolates and the presence of specific virulence markers in these isolates (Fig. 1) . Furthermore, the antimicrobial profile of these strains was tested using E-strips for MIC determination. Although both ST772 and ST1 belong to CC1 and differ only in one MLST allele (pta-22), their virulence potentials and antimicrobial resistance patterns were markedly different. All seven isolates of ST772 were found in monomicrobial wounds, of which four were MRSA and three were methicillin-susceptible S. aureus and showed resistance to ampicillin (MIC, 0.512-16 µg ml À1 ) and ciprofloxacin (MIC, 10 to >240 µg ml À1 ) ( Table 5 ). The ST772 strains showed resistance to gentamicin, with MIC ranging from 64 to 128 µg ml À1 , whereas amikacin resistance (32 µg ml
À1
) was found in a single strain. Of the six isolates belonging to ST1 (three isolates each of MRSA and methicillin-susceptible S. aureus), only one was from a monomicrobial wound whereas five were from polymicrobial wounds. All ST1 isolates were luk-DE positive and pvl negative, while all ST772 isolates were luk-DE negative except for one pvl positive (Fig. 1) . The gene coding for TSST-1 was present in three strains belonging to ST1, whereas none of the ST772 isolates carried tsst-1 (Fig. 1) .
For further validation, we performed MLVA and rep-PCR for these 30 strains. The isolates were categorized into MLVA groups by comparing their repeat sequences to S. aureus strain ATCC 29213 for each locus. The number of repeats assessed for all eight VNTR loci was combined to form MLVA profiles. A dendrogram was constructed based on MLVA and rep-PCR profiles, and the results were found to be concordant with results obtained from MLST, except for rep-PCR in which isolates belonging to ST1 were grouped into two clusters (Fig. 2a-c) .
DISCUSSION
Molecular methods are now universally applied to characterize bacterial strains and to determine genetic diversity among pathogens. This information on strain typing is critical in epidemiological studies to track the distribution and dissemination of pathogenic strains and to establish national and global databases. The current study was carried out to gain insight into the genotypic characteristics and, specifically, virulence potential of S. aureus isolates from monomicrobial or polymicrobial wound types in DFU infections. We have characterized S. aureus isolates using traditional molecular genotyping techniques including MLST, MLVA and rep-PCR from DFUs, while specific virulence genes were screened using multiplex PCR.
A total of 200 DFU patients were recruited in this study. We observed a high frequency of polymicrobial infections in our study and found P. aeruginosa, coagulase-negative staphylococci, Acinetobacter spp., Enterobacter spp., Citrobacter spp., Proteus spp., Klebsiella spp., E. coli and enterococci to be the major co-existing partners in polymicrobial infections with S. aureus. These species are commonly found in foot ulcers (Murali et al., 2014; Zubair et al., 2011) , and in both acute and chronic wounds cause delayed healing and infection. Chronic evolution of foot ulcers especially in diabetic subjects leads to polymicrobial biofilmcontaining wounds and limb amputation (Boulton, 2010; Schierle et al., 2009) . In this study, demographic and clinical characteristics as well as virulence markers, SCCmec typing and genetic diversity of S. aureus were characterized, and Virulence determinants in S. aureus genotypes their correlation with wound type was carried out. We found no significant difference in the baseline demographic characteristics of patients regardless of their wounds being infected solely with S. aureus or polymicrobials (Table 1) ; however, in patients with previous amputation history, polymicrobial infections were significantly more frequent (Table 2 ). Recent studies have also shown a minimal role of demographic characteristics of patients on the pathogenicity of S. aureus including virulence genes and methicillin resistance (Djahmi et al., 2013; Messad et al., 2013) . Interestingly, while few studies have shown that age, sex, type of diabetes or other complications of diabetes have no role on infected or uninfected DFUs (Sotto et al., 2012) , other studies showed age, duration of diabetes and glycaemic control as major predisposing factors towards hospital-acquired MRSA infection (Wang et al., 2010) .
Virulence factor expression usually leads to excess inflammatory responses and tissue damage eventually overcoming the host immune response. This is followed by microbial dissemination and tissue invasion, leading to the occurrence of local purulent discharge, pain or erythaema (Ovington, 2003; Peel, 1992) . It has been well established that no single virulence factor can be attributed to overall virulence, especially when infections contain biofilms (Casadevall & Pirofski, 2001) . Other factors such as microbial density, diversity, interaction in polymicrobial community and the host immune responses play important roles in wound healing. Using a Caenorhabditis elegans model, Sotto et al. (2008) assessed the pathogenicity of S. aureus by the survival time of the nematode upon ingestion of S. aureus. They reported that ingestion of virulent isolates from ulcer grades 2 to 4 resulted in reduced survival time compared to ingestion of avirulent isolates from grade 1 ulcer. Recent studies have also documented the role of pvl, luk-DE and tsst-1 genes of S. aureus isolates in DFU (Djahmi et al., 2013; Messad et al., 2013) .
Hence, we screened five virulence markers (ica-AB, pvl, luk-DE, tsst-1 and luk-M) of skin and soft tissue infections for their presence in our strains. PVL is a major factor related to recurrent skin and soft tissue infection. In our study, the pvl gene was found to be significantly associated with S. aureus isolates from polymicrobial wounds, and strains carrying the pvl gene were found in wound samples of 85 % of patients who had undergone amputation. Widespread transmission of pvl-bearing S. aureus can pose a major threat to public health. Pastar et al. (2013) reported that co-infection of P. aeruginosa with S. aureus significantly upregulated pvl gene expression and also impaired wound re-epithelialization in a porcine wound model when compared to monomicrobial infection. Strains carrying solely pvl or luk-DE markers were significantly more common in polymicrobial wounds (Table 3) , whereas isolates that carried both ica-AB and pvl genes were found to be more common in monomicrobial wounds. Furthermore, none of the isolates carried luk-M while the frequency of occurrence of tsst-1 was lower among all strains tested, suggesting preferential association of virulence markers with strains from specific wound types. Complete absence of the luk-M gene in S. aureus was also reported by an earlier study (Jarraud et al., 2002) . We found that all strains belonging to ST5, ST8 and ST672 carry ica-AB. The higher frequency of strains with the ica-AB gene indicates a potential ability to produce biofilms that aid bacterial persistence in the wound environment despite antibacterial therapy, which may lead to delayed wound healing. Results of biofilm assay also showed a higher frequency of moderate biofilm producers in monomicrobial wounds, whereas low biofilm producers were more frequently found in polymicrobial wounds. Bertesteanu et al. (2014) reported that co-infection of S. aureus and P. aeruginosa impaired wound closure by downregulating the expression of keratinocyte growth factor 1 and upregulating the expression of S. aureus virulence factors such as pvl and hla, suggesting the importance of cross-talking leading to delayed wound closure in polymicrobial settings.
We analysed selected S. aureus isolates from monomicrobial and polymicrobial wound types (15 strains from each type) for genetic variation to understand the underlying diversity of strains from the wound environment. We identified 10 different STs belonging to different CCs in these isolates. The majority of the isolates belonged to ST772, ST1, ST22 and ST672, while a few other STs were represented in one or two isolates (Fig. 1) . A dendrogram of similarity for different isolates based on virulence marker profiles suggested a strong association between STs and the presence of specific virulence markers (Fig. 1) . SA42  -----772  1  Monomicrobial  SA728  --+  --2066  88  Monomicrobial  SA740  +  ---+  772  1  Monomicrobial  SA718  +  ---+  772  1  Monomicrobial  SA517  +  ---+  772  1  Monomicrobial  SA516  +  ---+  772  1  Monomicrobial  SA686  +  ----772  1  Monomicrobial  SA448  +  ----772  1  Monomicrobial  SA422  --+  -+  5  5  Polymicrobial  SA421  --+  -+  5  5  Polymicrobial  SA267  --+  -+  239  239  Polymicrobial  SA145  +  ---+  2124  22  Monomicrobial  SA472  -+  +  -+  291  398  Polymicrobial  SA297 + Virulence determinants in S. aureus genotypes In our study, 7 of the 30 S. aureus isolates tested were grouped under ST772. ST772, also known as the Bengal Bay clone, was originally reported in Bangladesh and India (Afroz et al., 2008; D'Souza et al., 2010; Monecke et al., 2013; Nadig et al., 2012; Shambat et al., 2012) . ST772 isolates are known to possess various antibiotic resistanceassociated genes, SCCmec type V, a battery of virulence genes coding for PVL, staphylococcal complement inhibitor, enterotoxins and superantigens (Monecke et al., 2011; Prabhakara et al., 2013) . ST772 was identified as a major clone in another study from India (Shambat et al., 2012) and carried several genes coding for virulence factors including aureolysin, haemolysins, clumping factors and major histocompatibility complex class II analogue protein.
Transmission of Bengal Bay MRSA has been reported in several other countries, and its resistance to b-lactams and aminoglycosides is also widely reported (Monecke et al., 2013) . Although both ST772 and ST1 belong to CC1 and differ only in one MLST allele, their virulence potentials are markedly different. We found that all our ST1 isolates were pvl negative and luk-DE positive, whereas all ST772 isolates were luk-DE negative except for one pvl positive (Fig. 1) . Furthermore, whereas no ST772 isolate carried tsst-1, three strains belonging to ST1 were positive for tsst-1. Earlier reports also indicate the complete absence of tsst-1 gene in ST772 strains from India (Shambat et al., 2012) . In addition, ST772 isolates were preferentially associated with monomicrobial wound isolates, whereas ST1 isolates were associated with strains from polymicrobial wounds. ST22 (CC22) is a prominent ST found in Europe and Australia (Chambers & Deleo, 2009) . However, recent studies have reported epidemic MRSA-15 (ST22) with SCCmec type IV element as a major clone, while ST772 and ST672 carrying SCCmec type V as emerging isolates in Indian hospitals (D'Souza et al., 2010; Nadig et al., 2012) , which is responsible for gentamicin and erythromycin antibiotic resistance (Shambat et al., 2012) . Spread of these epidemic clones, especially in Asian countries including India, is of major concern. In India, SCCmec IV and SCCmec V MRSA clones were found to be major emergent strains, and hospital-acquired SCCmec IV/V MRSA was associated with PVL gene carriage (Dhawan et al., 2015) . Furthermore, a higher frequency of ST2371, ST22 and ST8 carrying SCCmec IV and ST772 carrying SCCmec V has been reported from India (Arakere et al., 2005; Rajan et al., 2015) . Although few reports indicate that CC22 isolates are pvl negative, results from the current study and some other studies from India (Nadig Both CC5 (ST5) and CC8 (ST8) have been reported to be widespread CCs harbouring various MRSA strains that are pandemic in nature and with several virulence and resistanceassociated genes (Monecke et al., 2011) . It has been established that ST5 and ST8 are historically associated with hospital-and community-acquired strains, respectively (Takano et al., 2013) , providing valuable information on the evolution of similar strains. However, most CC5 strains seem to lack pvl genes as was observed in our study and, furthermore, our MIC results indicated that isolates belonging to ST5 and ST8 are sensitive to all the antibacterials tested except ampicillin (MIC, <2 µg ml À1 ) ( Table 5) .
We also isolated S. aureus belonging to ST291 (CC398), which is a major livestock-associated lineage (Smith & Pearson, 2011) . Although this isolate was shown to be multidrug susceptible, it carries tsst-1, luk-DE and ica-AB genes which confer major virulence potential to strains. A strain belonging to ST239 that tested positive for luk-DE and ica-AB was found to be resistant for amoxyclav, ampicillin, ciprofloxacin and erythromycin. In addition, our strain was found to produce higher levels of biofilm (data not shown) that confer survival advantage in the host (Martín-López et al., 2002) . One S. aureus strain isolated from the blood of a patient in New Zealand was also found to belong to ST239 (Howden et al., 2010) , suggesting widespread geographical spread of this strain. It can be argued that the increased antibiotic resistance and virulence might provide competitive advantage for ST239 as a potent pathogen over other S. aureus strains, leading to its clonal expansion and dominance.
MLST results indicated ST2066 to be a singleton with a new ST (Zanger et al., 2012) , and little information available on this ST. We found only one ST2066 (TP94 from India) strain in the MLST database. Strain TP94 was isolated from skin lesions and shown to be pvl positive and susceptible to methicillin and vancomycin. Our ST2066 isolate was found to be negative for pvl, tsst-1, luk-M and ica-AB and positive for luk-DE, with susceptibility to methicillin and vancomycin. The MLST database also includes only one strain belonging to ST2124, which was reported from South Africa in 2011 (strain TKB-93). This strain was isolated from the blood of a patient with pneumonia and was found to be susceptible to methicillin and vancomycin, but there no information was given on pvl carriage. Our strain belonging to ST2124 was identified as positive for pvl and ica-AB, with a methicillin-resistant and vancomycin-susceptible phenotype.
Earlier studies have shown that isolates of ST5, CC8 and ST239 are associated with high biofilm production in clinical samples from bloodstream infection, surgical site infection, pneumonia and implant-associated infections (Batistao et al., 2016; Côrtes et al., 2015) . In addition, ST239 has been found to be associated with increased expression of hla (Xiao et al., 2016) , sasX (Li et al., 2014) and cna (Menegotto et al., 2012) ; heterogenous vancomycin-intermediate Staphylococcus aureus (hVISA) (Hu et al., 2015) and resistance to rifampicin and fusidic acid (Lim et al., 2014) ; and gentamicin, ciprofloxacin, rifampicin, levofloxacin, clindamycin, erythromycin, tetracycline and trimethoprim/sulfamethoxazole (Cheng et al., 2013) . Monecke et al. (2014) reported high levels of hla expression in CC1, CC5, CC8, CC15 and CC96 isolates and complete absence of hla expression in CC22, CC30, CC45, CC479 and CC705 isolates. In another study, Liu et al. (2015) reported the association of CC1, CC398 and CC59 strains from blood, cerebrospinal fluid, ascites, pleural effusion and synovial fluid with exfoliative and pvl genes. TSST-1 production was found to be associated with CC22, CC5 and CC30 strains isolated from various clinical samples such as those from wounds, nares, blood, sputum and urine (Al Laham et al., 2015; Lozano et al., 2013) . PVL and TSST-1 were also associated with S. aureus isolates of nasal carriage (Egyir et al., 2014) .
A standard typing method must be easy to use and interpret, applicable to a broad range of organisms (typeable), reproducible, cost effective and rapid with low turnaround time. However, PFGE, which is considered the gold standard method for typing of S. aureus isolates, is non-portable, ambiguous and labour intensive, rendering it an unsuitable method of typing (Goering, 2010) . Since MLST sequence information is derived from slowly evolving housekeeping genes, it provides unambiguous and portable data and is well suited to strain differentiation of bacterial pathogens (Maiden et al., 1998) . Although highly concordant and unambiguous, the major drawbacks of this technique are its inability to differentiate STs based on their pathogenicity (Feil et al., 2003) and its comparatively higher cost. Enright et al. (2002) showed that MLST could not discriminate between epidemic MRSA isolates and grouped them under the same ST, although they were distinguishable by PFGE. However, MLST has been utilized to assign Neisseria meningitidis isolates to known hypervirulent clones while classifying pneumococcal strains into different antibiotic-resistant groups, and also in a number of studies of public health importance (Feil et al., 2004) . Therefore, we genotyped S. aureus isolates using MLST and compared it to other genotyping techniques, including MLVA and rep-PCR, that are cost effective and less labour intensive. MLVA is based on the variability in conserved repeat sequence sizes across multiple VNTR loci and is considered a good discriminatory typing tool (Sobral et al., 2012) . A comparison of six PCR-based typing methods found multilocus VNTR typing to be a reliable method for S. aureus (Sabat et al., 2006) . rep-PCR involves PCR amplification of a region surrounding repetitive extragenic elements that can be used as fingerprints, and has been routinely used to differentiate bacterial strains (Dombek et al., 2000) . The results from our small sample of strains showed that MLST, MLVA and rep-PCR results were highly concordant and could discriminate S. aureus strains into different groups (Fig. 2a-c) , suggesting that cost-effective MLVA or rep-PCR methods can provide valuable information in regard to discriminating pathogenic strains of S. aureus.
In conclusion, our results showed significant variation in the pathogenicity and genetic diversity of S. aureus strains from different wound types. Although the presence of limited numbers of virulence factors in a single isolate might not directly contribute to its enhanced colonization and spread, synergistic interaction in a polymicrobial wound milieu might significantly contribute to the spread of antibiotic resistance and/or delayed wound closure. Therefore, further study is needed to determine the precise mechanisms of S. aureus virulence and host-pathogen interaction in polymicrobial communities. This might aid clinicians in determining appropriate antibiotic agents for proper wound therapy and management.
